Recently, Proger and his co-workers have published papers dealing with the effects of parenteral injections of cytochrome C on conditions associated with tissue anoxia (1 to 8). They found, in man, that the changes in the visual acuity, electrocardiogram, and electroencephalogram associated with anoxia were partially or completely prevented by the antecedent intravenous injection of relatively small amounts of cytochrome C.
These phenomena were explained by Proger by assuming that in anoxia essential oxidative processes were limited by the low concentration in the cells of cytochrome C relative to cytochrome oxidase. By parenteral injection the concentration of cytochrome C within the cells was increased, the limitation of oxidative processes was removed, and tissue function restored toward normal.
Proger discussed further experiments bearing on the problem of the role of cytochrome C in tissue anoxia: (1) He reported (5) that the adenosine triphosphate (ATP) of heart and kidney of rats subjected to anoxia was markedly reduced. The antecedent parenteral injection of cytochrome C significantly prevented this reduction. It is well known that the organic phosphates, particularly ATP, play important roles in tissue metabolism. The regeneration of these energy rich phosphate bonds is dependent upon oxidative processes. Presumably, then, increase of cellular cytochrome C by injection removed the limiting factor of its naturally occurring low concentration, increased oxidative processes associated with the regeneration of ATP, and thus prevented the decrease otherwise accompanying anoxia. (2) He also found that cytochrome C together with hydroquinone (4) increased the oxygen uptake of homogenized tissues in vitro.
These 2 experiments were considered by Proger to support his concept of the role of parenterally administered cytochrome C in combating tissue anoxia. There are, however, theoretical difficulties in the acceptance of this explanation, viz.: (1) How can the large molecule of cytochrome C (molecular weight approximately 13,000) enter into the interior of the cell in order to function? (2) Is the cytochrome C concentration of tissues so low that it is a limiting factor in metabolism under normal extraordinary physiological demands?
In this paper the interesting problem of the possible beneficial effect of parenteral injections of cytochrome C in anoxic states was studied in 3 ways: (1) The adenosine triphosphate (ATP) concentration of kidney tissue in rats in the normal state, in anoxia, and in anoxia subsequent to cytochrome C administration was studied. (2) Experiments we're performed to determine the effect of cytochrome C on the oxygen uptake in vitro of diaphragms, liver and kidney slices from rats. (3) Using a recent value for the turnover number of cytochrome C together with cytochrome C concentrations of various tissues, the limiting values of oxygen uptake imposed by these 2 factors was calculated and compared with the physiological range of oxygen uptake of the respective tissues.
METHODS
The concentration of inorganic phosphate, ATP, and total phosphate in the acid-soluble fraction of the kidney was determined by the methods of Kaplan and Greenberg (9) . One hundred-minute hydrolyzable phosphate was determined by hydrolysis in iN H2SO0 at 1000 C. All phosphate determinations were by the method of Fiske and Subbarow (10), using a Klett-Summerson photoelectric photometer with a 6,600 A' filter.
The rats were made anoxic for 5 minutes by means of a 3 per cent 0.-97 per cent N. gas mixture passed through a funnel held over the animal's head. Cytochrome C was injected intravenously 10 minutes prior to the anoxic period in the manner reported by Proger et al (5) .
The kidney was frozen with liquid air as quickly as possible following decapitation of the rat. The frozen kidney was ground to a powder under liquid air in a mortar, and this powder was added to a tared centrifuge 899 tube containing 7 per cent trichloroacetic acid, following the procedure of Kaplan and Greenberg (9) .
The cytochrome C was prepared according to the technique of Keilin and Hartree (11) . The concentration was determined spectrophotometrically, using the constant 26.1 at X 550 mj& for a millimolar solution of cytochrome C, with a cuvette depth of 1 cm. This concentration is referred to pure cytochrome C with 0.43 per cent Fe (Mol. wt. = 13,000). In addition the biological activity of the preparation was demonstrated by its ability to increase the oxygen uptake of rat liver homogenates in the presence. of 0.O1M succinate. The increment was of the order of 1 mole of 02 per mole of cytochrome C per minute, which is comparable to that obtained by Schneider and Potter (13) with their preparations of cytochrome C.
In the experiments dealing with tissue slice respiration, the organs were removed immediately following decapitation and slices 0.35 mm. in thickness were cut. The slices were placed in Warburg vessels containing 2 ml. of a medium of the following composition: Na2HPO4, 0.020M; NaH2PO4, 0.020M; KC1, 0.005M; MgCl2, 0.002M; CaC12, 0.OO1M; NaCl, 0.09M; glucose, 0.O11M; pH = 6.7. Where noted, the glucose was replaced by succinate.
RESULTS
The effect of cytochrome C on the ATP content of kidneys from normal and anoxic rats The results presented in Table I -show that the anoxia caused a 74 per cent decrease in the ATP content of the kidneys of the normal, non-injected rats. The 100-minute minus the 7-minute easily hydrolyzable phosphate, representing mainly hexose diphosphate, was decreased 52 per cent. There was no significant change in the inorganic and total phosphate content.
The rats made anoxic following injection of cytochrome C showed a similar reduction in the ATP and hexose diphosphate content of the kidney. There is no statistically significant difference in the data of the untreated and treated rats.
The effect of cytochrome C upon oxygen uptake of tissues in vitro
It is well known (e.g., Elliott [12] ) that the addition of cytochrome C (together with some reductant such as hydroquinone or ascorbic acid) to homogenized tissue in titro increases the oxygen uptake. The currently accepted explanation is that the cytochrome oxidase is in excess compared to cytochrome C. Hence in the homogenate, in which both cytochrome oxidase and cytochrome Table II. EFFECT OF CYTOCiHROME C ON METABOLISM OF RAT TISSUES The limiting cellular oxygen uptake imposed by cytochrome C content Proger (8) emphasized that the concentration of cytochrome C in tissues is below that required for maximum activation of cytochrome oxidase with which it is coupled in metabolic reactions. This, however, does not indicate that cytochrome C is necessarily a limiting factor in cellular oxygen consumption. From the data of Rosenthal and Drabkin (14) the turnover number of cytochrome C expressed in terms of oxygen uptake is 2. Table III . These calculations indicate that the cytochrome C concentration of various rat organs is considerably beyond that required for the estimated physiological demand. 2.3 X 107 X 22.4 X 1O-3 X P X 10-2 where P is the per cent (dry weight) of cytochrome C in the respective tissue.
Qo, = cu. mm. 02 per mgm. dry weight per hour.
In the brain, for example, there appears to be a 5-fold reserve factor, and in striated muscle, the factor is 2 even under the demands of excessive muscular work. In the heart the factor of safety appears to be still greater, viz. 20. It is difficult, therefore, to understand, on the basis of the current concept of the function of cytochrome C in tissue oxidations, how the parenteral addition of a-relatively small amount of cytochrome C, even if it could enter the cell, can affect oxidative cellular metabolism. SUMMARY 1. The decreased adenosine triphosphate (ATP) content of anoxic rat kidney reported by Proger et al (5) has been confirmed. The prevention of the lowered ATP content of anoxic kidney by the antecedent intravenous administration of cytochrome C, reported by these authors, has not been observed in the present experiments.
2. No alteration in the oxygen consumption of rat diaphragm and rat liver and kidney slices was observed following the addition of cytochrome C to the medium in vitro either with glucose or succinate as substrates.
3. Using the turnover number of cytochrome C and known values of tissue cytochrome C, the maximum oxygen uptake of various tissues was calculated. Comparison of these calculated values with the range of oxygen requirements lends no support to the concept that the cytochrome C con-tent of tissues is a limiting factor in cellular oxidations within physiological ranges.
We are indebted to Dr. David L. Drabkin of the Department of Physiological Chemistry for the spectrophotometric standardization of the cytochrome C solutions.
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